Abstract As the current global trend towards more stringent environmental standards, technical applicability and cost-effectiveness became key factors in the selection of adsorbents for water and wastewater treatment. Recently, various low-cost adsorbents derived from agricultural waste, industrial by-products or natural materials, have been intensively investigated. In this respect, the eggshells from egg-breaking operations constitute significant waste disposal problems for the food industry, so the development of value-added by-products from this waste is to be welcomed. The egg processing industry is very competitive, with low profit margins due to global competition and cheap imports. Additionally, the costs associated with the egg shell disposal (mainly on landfill sites) are significant, and expected to continue increasing as landfill taxes increase. The aim of the present review is to provide an overview on the development of low-cost adsorbents derived from eggshell by-products.
Introduction
The presence of toxic contaminants in aqueous streams, arising from the discharge of untreated effluents into water bodies, is one of the most important environmental issues in the field of waste management [1, 2] . With the rapid increase in population and growth of industrialization all around the world, quality of both surface and ground water is deteriorating day by day. Treatment of industrial wastewater is increasingly necessary with respect to international regulations which mandated the reduction of different compounds in the cleaned water. Various methods are available for the removal of toxic pollutants from water and wastewater including reverse osmosis, ion exchange, precipitation, electro-dialysis, adsorption etc. Among these, adsorption is by far the most versatile and widely used method for the removal of pollutants due to its high removal capacity and ease of operation at large scale. Various researchers have used different materials as adsorbents for the removal of toxic pollutants with its own advantages and limitations. Most of the past work has focused on the removal of higher concentrations of pollutants, relying on the more traditional and more expensive absorbents materials [3] [4] [5] [6] [7] . However, as the discharge regulations become more and more stringent, the importance of the low concentration pollutants is consequently becoming an essential issue. In this respect, the environmental issues surrounding the presence of color in effluent are becoming a challenging problem for dyestuff manufactures, finishers and paper-making industry. In addition, increasingly stringent colour standards are being enforced to reduce the quantity of color in effluent and finally in receiving water courses. There are well documented facts that the effluents of these industries are containing suspected carcinogenic materials which are posing serious hazard to aquatic living organisms. Thus, it is necessary to reduce and eliminate these life threatening compounds from wastewater before it is discharged [9] [10] [11] [12] [13] [14] . Activated carbon has been the most versatile adsorbent for the removal of various compounds from aqueous solutions. However, high cost of activated carbon restricts its application, prompting an increased research interest into the production of low-cost alternatives to the commonly used activated carbon. Recently, various approaches have been studied for the development of cheaper and effective adsorbents. These low-cost adsorbents include natural materials, biosorbents, and waste materials resulting from industry and agricultural activities. These materials could be used as adsorbents for the removal of dyes and ions from solution. Some of the reported adsorbents include agricultural and poultry by-products (eggshell waste, bagasse pith, maize cob, hen feathers, rice husk, coconut shell), industrial waste products (waste carbon slurries, metal hydroxide sludge), clay materials (bentonite, kaolinite), zeolites, siliceous material (silica beads, alunite, perlite), biosorbents (chitosan, peat, biomass) and others (starch, cyclodextrin, cotton), microorganisms such as algae [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Chitosan has received considerable interest for heavy metals removal due to its excellent metal-binding capacities and low cost, as can be obtained for free from fishery wastes such as shrimp, lobster, and crab shells [18] [19] [20] [21] [22] . Natural zeolites also gained a significant interest, mainly due to their valuable properties such as ion exchange capability. Zeolites are aluminosilicates with Si/Al ratios between 1 and infinite, having promising benefits such as cost efficiency and selective adsorption for water, wastewater, carbon dioxide, hydrogen sulfide and other pollutants [23] [24] [25] [26] [27] . Clay is one of other potential alternatives to activated carbon as well. Similar to zeolites, clay minerals are also important inorganic components in soil, available in abundance, having good sorption properties which come from their high surface area and exchange capacities. The negative charge on the structure of clay minerals gives clay the capability to attract metal ions. In recent years, there has been an increasing interest in utilizing clay minerals to remove not only inorganic but also organic molecules [28] [29] [30] [31] [32] [33] . Industrial waste is also one of the potentially low-cost adsorbent for heavy metal removal. It requires little processing to increase its adsorptive capacity. Generally industrial wastes are generated as by-products. Since these materials are locally available in large quantities, they are inexpensive. Various types of industrial wastes such as waste slurry, lignin, iron(III) hydroxide, blast furnace waste and red mud, have been explored for their technical feasibility to remove heavy metals and dyes from contaminated water [34, 35] . Red mud, a by-product of aluminium industry obtained from bauxite processing has been extensively investigated for the removal of dyes, metals and chlorophenols [36] [37] [38] [39] [40] [41] . The waste carbon slurry generated during liquid fuel combustion in fertilizer plants has been converted into a inexpensive absorbent by various authors, being fruitfully employed on the removal of reactive dyes, as malachite green, vertigo blue 49, orange DNA13, carbofuran pesticides, anionic surfactants and hexavelant chromium [42] [43] [44] [45] [46] [47] [48] [49] . Low rank coal, such as lignite, is capable of having ion exchange with heavy metals due to its carboxylic acid and phenolic hydroxyl functional groups. Other low-cost adsorbents, such as agricultural wastes, have been also extensively studied. Agricultural materials, particularly those containing cellulose presents potential adsorption ability for various pollutants. These materials being economic and eco-friendly, available in abundance, renewable nature and low cost are forefront candidates for water and wastewater decontamination. In the last several decades, various agricultural wastes have been explored as low-cost adsorbent. Some of them include the shells and/or stones of fruits like nuts, peanuts, olive wastes, almonds, apricots stones and cherries, wastes resulting from the production of cereals such as rice, maize, wheat and corn as well as sugar cane bagasse, de-oiled soya and coir pith. Peel, the outer protective layers of fruits or vegetables are also gaining attention as adsorbents for the removal of metals, dyes and pesticides. Several works refer the investigation and development of cheap adsorption methods for removal of Safranin-T, Reactofix Golden Yellow 3 RFN, Reactofix Navy Blue 2 GFN from wastewater using activate rice and wheat husk as adsorbents [50] [51] [52] . Bagasse fly ash, obtained from sugar industry, has also been used as inexpensive and effective adsorbent for the removal of malathion, lindane, DDD, DDE and metals from wastewater [53] [54] [55] . These agricultural waste materials have been used in their natural form or after some physical or chemical modification. Bottom ash, a waste of thermal power plants, and deoiled soya, have been employed for successful removal and recovery of various hazardous substances such as phenol red dye, carmoisine A, basic fuchsin, watersoluble azo dye (metanil yellow) from wastewaters [15, [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] .
Although many research works have been done recently to find the potential of using various agricultural-derived alternative adsorbents, so far no efforts have been made to obtain an overview of a specific adsorbent derived from poultry by-products-the eggshell waste-in terms of their removal performance, adsorption capacity, and cost effectiveness. Additionally, despite the fact that industrial effluents contain several pollutants simultaneously, little attention has been paid to adsorption of pollutants from mixtures. Considering this, the aim of the present review is to provide an overview of the eggshell low-cost adsorbent, and future work will encompass the investigation of the adsorption process in real industrial effluents and also demonstrate the use of this inexpensive adsorbent at an industrial scale.
The Ancient Activated Carbons
Activated carbon is the generic term commonly used to describe the carbonaceous adsorbents which present a highly crystalline and extensively developed internal pore structure. A wide variety of activated carbon derived products is available, exhibiting markedly different characteristics depending on the raw material and activation technique. It is usually prepared from coal, coconut shells, lignite, wood chips, sawdust, paddy husk, among others, and it can be prepared using one of the two basic activation methods: physical and chemical [68] [69] [70] [71] [72] [73] [74] [75] [76] . Generally, the physical activation requires high temperature and longer activation time when compared to chemical activation. Nevertheless in chemical activation the activated carbons need a thorough washing to remove chemical agents. By chemical activation, predominantly powder products are obtained, being the form mostly used for wastewater and water treatments. Carbon is a substance that has a long history of being used to absorb impurities and is perhaps the most powerful absorbent known. Activated carbon is carbon which has a slight electro-positive charge added to it, making it even more attractive to chemicals and impurities. As the water passes over the positively charged carbon surface, the negative ions of the contaminants are drawn to the surface of the carbon granules. Activated carbons are complex products often classified on the basis of their behaviour, surface characteristics and preparation methods [77] . Powdered activated carbon (PAC) is the carbon in form of powders or fine granules less than 1.0 mm in size with an average diameter between 0.15 and 0.25 mm, presenting a large surface to volume ratio and a small diffusion distance. PAC is made up of crushed or ground carbon particles, 95-100% of which will pass through a designated mesh sieve or sieve. Granular activated carbon (GAC), on the other hand, has a relatively larger particle size compared to PAC and consequently, presents a smaller external surface, the diffusion becoming an important factor. This class of carbons is preferred for the adsorption of gases as their rate of diffusion is faster. Granulated carbons are used for water treatment, deodorization and separation of components of the flow system. Common classifications also define other forms of activated carbon. Among them are the extruded activated carbon (EAC), which consists of extruded and cylindrical shaped products with diameters from 0.8 to 45 mm, mainly used for gas phase applications due to their low pressure drop, high mechanical strength and low dust content; impregnated carbon containing several types of inorganic contaminants such as iodine, silver, cations such as Al, Mn, Zn, Fe, Li, Ca; Polymers coated carbon in which a porous carbon can be coated with a biocompatible polymer to give a smooth and permeable coat without blocking the pores. Finally activated carbon is also available in special forms such as cloths and fibers [77] [78] [79] [80] .
Low-cost Adsorbents
Although activated carbon is the commonly preferred adsorbent, its widespread use is restricted due to high cost. In order to decrease the cost of treatment, attempts have been studied for the development of cheaper and also effective adsorbents which could be able to replace the more costly activated carbon. In view of the high cost and tedious procedure for the preparation and regeneration of activated carbon there is continuing search for low cost potential adsorbents. Several works has focused on various natural solid supports, which are able to remove pollutants from contaminated water at low cost [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] [91] [92] . Cost is actually an important parameter for comparing the adsorbent materials. According to Bailey et al. [93] , an adsorbent can be considered a low-cost one if it requires little processing, is abundant in nature or is a by-product or waste material resulting from another industry. Certain waste products from industrial and agricultural operations, natural materials and biosorbents represent potentially economical alternative adsorbents. Many of them have already been tested and proposed for dye and ions removal on water and wastewater decontamination.
Adsorption Models
It well known that the adsorption process of the different compounds of a fluid mixture which flows through a packed bed of an adsorbent porous material, is the basis of several important applications in chemical engineering, with special focus on contacting systems for industrial and municipal water and wastewater treatment. The adsorption capacity depends on several variables, such as the concentration of the pollutants, the pH of the medium, the contact time, and the accessibility of the pollutants to the inner surface of the adsorbent, which in turn depends on their size, among others [94] . The specific sorption mechanisms by which the adsorption takes place on the adsorbents are still not clear. This is because adsorption is a complex process depending on several interactions such as electrostatic and non-electrostatic (hydrophobic) interactions. Although advances have been accomplished in terms of sorption properties and kinetics, much work remains undone and is necessary to identify clearly the sorption mechanisms [95] . Predicting the rate at which adsorption takes place for a given system, is probably the most important factor in adsorption system design. When a given mass of an adsorbent and a waste stream are in contact for a sufficiently long time, equilibrium between the amount of adsorbed pollutant and the amount remaining in solution will be attained. Under this equilibrium state, the amount of the adsorbed material can be calculated through mass balance according to Equation (1):
where X/M is the mass of pollutant per mass of media (expressed as mg pollutant/g media), C 0 is initial pollutant concentration in solution, C e the concentration of the pollutant in solution after equilibrium has been reached, V the volume of the solution to which the media mass is exposed, and M the mass of the media [96] [97] [98] [99] [100] . Several kinetic models have described the reaction order of the adsorption systems based on solution concentration. Isotherm adsorption models have been used in waste stream treatment to predict the ability of a certain adsorbent to remove a pollutant down to a specific discharge value. These include first-order and second-order reversible ones, and first-order and second-order irreversible ones, pseudo-first-order and pseudo-second-order. The sorption isotherms represent the relationship between the amount adsorbed by a unit weight of solid sorbent and the amount of solute remaining in the solution at equilibrium [101] . The two commonly used isotherm models are the Langmuir and the Freundlich models. Both isotherm models have been shown to be suitable for describing short-term and mono component adsorption of metal ions by different biosorbents [102, 103] . On the other hand, reaction orders based on the capacity of the adsorbent have also been studied, such as Lagergren's first-order equation, Redlich Peterson model and BET model [104] . Langmuir and Freundlich isotherm models are frequently used isotherm models for describing short term and mono component adsorption of metal ions by different materials [102] [103] [104] [105] .
Thermodynamic Sorption Parameters
The free energy change of sorption can be calculated by Equation (2) .
where DG 0 is standard free energy change, R is the universal gas constant (8.314 J/mol/K), T is the absolute temperature and K is equilibrium constant. The apparent equilibrium constant of the biosorption, K' C is obtained from Equation (3).
where C (adsorbent) eq and C (solution) eq are the ion concentrations on the adsorbent and in the solution at equilibrium [100] .
The Eggshell and Eggshell Membrane
The eggshell by-product represents approximately 11% of the total weight (approximately average 60 g) of egg [106] . Eggs are used in enormous amounts by food manufacturers and restaurants and the shells are discarded as waste. It was reported that about 28% of all eggs produced are sent to commercial breaking operations for manufacturing egg products [107] . The eggshell byproduct which results from these breaking operations represents a significant waste for the processing industry as they are traditionally useless after the production of eggs and egg derivatives. Most of this waste is commonly disposed in landfills without any pretreatment. Occasionally, a few percentages of these byproducts are reused and applied as a fertilizer or feed additive because of their high nutrition contents such as calcium, magnesium and phosphorus [108] . On behalf of the bioresource recovery and reuse, many investigations have been conducted to explore useful applications for eggshells. The results of this research has shown that eggshells appears to be able to effectively adsorb certain heavy metals and organic compounds [109] [110] [111] [112] [113] [114] . In fact, the porous nature of eggshell makes it an attractive material to be employed as an adsorbent. The eggshell typically consists of ceramic materials which are arranged in a threelayered structure, namely the cuticle on the outer surface, a spongy (calcareous) layer and an inner lamellar (or mammillary) layer [106, 115] . The spongy and mammillary layers form a matrix composed of protein fibers bonded to calcite (calcium carbonate), representing more than 90% of the material [106, 109] . The two layers are also constructed in such a manner that there are numerous circular openings (pores). Each eggshell has been estimated to contain between 7,000 and 17,000 pores. On an average, the eggshell weighs 5-6 g, with remarkable mechanical properties of breaking strength ([30 N) and is 300-350 lm thick. This structure plays a crucial role in protecting the contents of the egg from the microbial and physical environment and in controlling the exchange of water and gases throughout the shell. The outer surface of the eggshell is covered with a mucin protein that acts as a soluble plug for the pores in the shell. The cuticle is also permeable to gas transmission.
The chemical composition of the eggshell has been reported as 94% calcium carbonate, 1% magnesium carbonate, 1% calcium phosphate and approximately 4% of organic matter [106] . The eggshell by-product is, thus, inevitably composed of calcium carbonate (eggshell) and eggshell membrane (ESM). The ESM is located between the egg white (albumen) and the shell. There are two shell membranes around the egg, a thicker outer membrane attached to the shell and a thinner inner membrane [114] [115] [116] as depicted in Fig. 1 . Each of these membranes is composed of protein fibers that are arranged to form a semi-permeable membrane, producing an intricate lattice network of stable and water-insoluble fibers and has high surface area resulting in various applications such as adsorbent [111, [117] [118] [119] [120] [121] [122] and supporting medium for enzymes immobilization [123] [124] [125] .
Results and Discussion

Physical and Chemical Characterization of Eggshell Material
The data presented in Table 1 indicate the BET surface area, total pore volume, densities and porosity of eggshell and eggshell membrane and eggshell particles. Additionally, aiming at increasing the surface area, the eggshell material was subjected to a thermal process of calcination at a temperature of 1,000°C to promote the decomposition of calcium carbonate to calcium oxide and carbon dioxide. As can be seen, pore properties between eggshell and eggshell membrane are similar according to the data obtained from BET surface area and total pore volume. However, after calcination, surface area of eggshell particles and particle porosity increased. With respect to particle density, it is noted that of eggshell is significantly larger than that of eggshell membrane (2.658 g cm -3 compared to 1.405 g cm -3 ), revealing the crystalline structure of the shell, mainly composed of calcium carbonate in the form of calcite, which presents a density of 2.710 g cm -3 [126] . As described by Tullett [113] the eggshell membrane is mainly consisted of fibrous proteins indicating that the organic matrix of the eggshell membrane is not rigid like inorganic minerals. It would be expected to result in the more macropore structure in eggshell particles because of the intrinsic existence of pore canal [126] . Therefore, the porosity of eggshell was estimated to be larger than that of eggshell membrane as seen in Table 1 .
The elemental analyses, presented on Table 2 , revealed that contents of carbon and hydrogen of the eggshell membrane sample are larger than those of eggshell sample, revealing once more that the eggshell particle should be almost composed of carbonate minerals. This observation was also demonstrated by Tsai and co-workers [116] through the FTIR analyses. Accordingly, our results presented on Fig. 2 revealed that the most significant peak of intensity of eggshell particle was found at 1,417 cm -1 , strongly associated with the presence of carbonate minerals within the eggshell matrix [126] . The other two observable peaks at about 713 and 875 cm -1 , should be associated with the in-plane deformation and out-plane deformation modes, respectively, in the presence of calcium carbonate as described by Busca and Resini [127] . With respect to the eggshell membranes, as expectable, the presence of amines and amides were found, exhibiting significant peaks at intensity of 3,200-3,500, 1,652 and 1,385 cm -1 , respectively [127] .
Applications of Eggshell Adsorbents
The utilization of the eggshell and ESM by-products has started over 1,970 with the development of several studies aiming at the calcium supplement and other nutrition sources from the albumin, membrane and matrix of the eggshell, which was processed by crushing and milling to obtain fine particles (flours) for animal use [128] . Later on, Rivera et al. [129] reported a novel procedure to produce porous hydroxyapatite from eggshells. Taking into account the sustainable utilization of eggshell and its intrinsic pore structure [130] the characterization of the biomaterial is very scarce in the literature. Creger et al. [131] observed the various stages of formation of the eggshell with scanning electron microscope. Garcia-Ruiz et al. [132] aimed at the textural analysis of eggshell with diffractometry techniques. It was found that the mineral structure of eggshell could be properly described in terms of competitive crystal (calcite) growth. The mineral phase (calcite) present in the eggshell was demonstrated and observed by X-ray diffractometry [129] . Considering the intrinsic pore structure of the eggshell, the available amounts and the bioresource recycling, the proposal of reusing eggshell and ESM as adsorbents has increased in recent years. Several works have been conducted to test the ability of these materials to remove dyes or ions from solution, as they might be used as low-cost adsorbents for water and wastewater decontamination. Vijayaraghavan et al. [112] investigated its ability to remove copper from aqueous solution in an up-flow packed column. The sorption performance of eggshell in the column was examined by varying the bed height (15-25 cm) and flow rate (5-20 ml/min). The column was regenerated using 0.01 M EDTA solution and sorption-desorption studies were carried out for five cycles. This study showed that eggshell is an effective sorbent for copper removal. Both bed height and flow rate affected the copper sorption characteristics of the eggshell. The column regeneration studies indicated that the reusability of eggshell for copper removal is a viable solution. Earlier research had shown that ESM accumulates and eliminates various heavy metal ions from dilute aqueous solutions with a high affinity and in a short contact time, depending on the pH and other characteristics of the individual ion [117] . In this study, Suyama and colleagues reported that, under certain conditions, the level of precious ions (Au, Pt, and Pd) accumulation on the egg shell membrane (ESM) approaches 55, 25 , and 22% of dry weight of ESM, respectively. Also, the uranium uptake reached almost 30% of the ESM dry weight. These experiments suggested that ESM could be promising to use for the purpose of removal and/or recovery of metals and water pollution control. Based on this study, Shoji and colleagues have successfully prepared a bead-type adsorbent from greatly swollen eggshell membrane-conjugated chitosan beads [133] . Competitive adsorption experiments have been performed in mixed solutions containing various metal ions. Experiments suggested that chitosan beads could take up gold ions with great capacity and selectivity by conjugation with eggshell membrane. It was reported by authors that, under certain conditions, the selective removal of gold and copper in a mixture of gold and copper ions by egg shell membraneconjugated chitosan beads was 100 and 2%, respectively, suggesting a promising application to the recovering of gold in wastewater from various industries, such as electroplating. Selective actinide ion recovery from dilute, aqueous waste streams is an important problem. The recovery of uranium (U) and thorium (Th) by various animal biopolymers was examined by Ishikawa and colleagues [121, 134] . Of four species of biopolymers tested, a high uptake of uranium (U) and thorium (Th) was found in hen eggshell membrane (ESM) and silk proteins, with the maximum uranium and thorium recovery exceeding 98 and 79%, respectively. The uptake of U and Th was significantly affected by the pH of the solution, with he optimum pH values being, respectively, 6 and 3 for the uptake of U and Th. Tested ESM and silk proteins were effective and selective for removing each metal by controlling pH and temperature of the solution.
In addition, their adsorption capacities increased as salt concentration increased. It was found that, in multimetal systems, the order of sorption of ESM proteins was preferential:
It was concluded by the authors that these biopolymers appear to have potential for use in a commercial process for actinide recovery from actinide-containing wastewater. The use of eggshell and eggshell membranes as adsorbents for the removal of reactive dye from aqueous solutions was also investigated by Pramanpol and Nitayapat [135] . The adsorption characteristics of C.I. Reactive Yellow 205 by various components of eggshells were investigated by fitting the experimental data to Freundlich and Langmuir isotherms. The authors found that ESM had a much larger (10 to 27-fold) capacity to adsorb the dye than did the other components. Additionally it was reported that an initial pH range of dye solutions varying from 4 to 9 did not influence significantly the adsorption of dye by eggshell with membrane and the highest value of adsorption capacity was observed at the temperature of 35°C. The extent of adsorption of the dye was related directly to the surface area of the adsorbent. The results presented in that work, have demonstrated clearly that eggshell with its attached membrane is a potentially useful material to be used for the removal of reactive dyes from industrial wastewater. In a recent study Maruyama et al. [136] investigated the recovery of Au3? and Pd2? from actual solutions containing metal ions produced in an industrial setting. Adsorption experiments were carried out using the egg-shell membrane as an adsorbent, due to its high performance for selective adsorption and its insolubility in an aqueous solution at a variety of pH values. After adsorption, the biomass adsorbing metal ions were charred, and the bound metal ions were redissolved in aqua regia for recovery. The authors found that the egg-shell membrane are able to adsorb Au3? in the copper refining solution, while the biomass hardly adsorbed Pt and Cu ions. The sample solution contained many metal ions and HCl (2 M). The high ionic strength created could have prevented the adsorption of Pt ions. The adsorption ratio of Pd ions was relatively low, which can be explained by its low initial concentration and by the insufficient amount of biomass compared to the metal ions. Indeed, the adsorption ratio increased as the amount of biomass increased. Based on the redissolved Au ions it was stated that almost 165 g Au per kg biomass was recovered at the end of the experiment. This recycling procedure would be suitable for potential applications, because of its simplicity and of no other specific materials needed. Recently, Tsai et al. [137] studied the main physical and chemical characteristics of the hen eggshell and eggshell membrane particles. They have also evaluated the applicability of common isotherm models (i.e., Langmuir and Freundlich) based on the adsorption capacities from the removal of methylene blue from aqueous solution at 25°C. This study revealed, for the conditions tested that the Freundlich model yielded a somewhat better fit than the Langmuir model. It was also found that an increase in the adsorption temperature from 15 to 45°C significantly enhanced the adsorption capacity of the dye acid orange 51, revealing that the adsorption might be endothermic or chemisorption. A similar study was performed by Ghani and coworkers, whom investigated the potential of eggshell powder as a low-cost adsorbent for methylene blue removal, concluding that this material could be efficiently employed for removal of colour and dyes from water and wastewater at low concentration [138] . Considering sustainability in the waste management we are looking for alternative solutions, which allow transforming the waste product into saleable items. The main goal of our project is the development of a new and innovative process for the treatment and valorization of the egg shell residue, which shall result in the obtainment of a lowcost adsorbent for water and wastewater decontamination. For this purpose, the adsorption kinetics of the material will be carefully addressed and the design and development of a filtration prototype will also be encompassed. We expected that this new product, very attractive from both the chemical and economical perspectives, should be able to replace the systematic use of activated carbon in the treatment of wastewater and gas emissions. Finally, it is foreseen the construction and assembling of a pilot plant unit able to treat 200 ton of residues per year and acting, at the same time, as a technology demonstration unit.
Final Remarks
The literature revealed that the main drawback associated with the adsorption of pollutants is, normally, the high cost of traditional adsorbents such as activated carbons. This is the driven force for the increase in production and utilization of low cost-adsorbents. It is worth to note that some materials can be used as adsorbents with little or no pretreatment and can therefore be manufactured at low cost. Certain waste products from industrial and agricultural operations, natural materials and biosorbents represent potentially economical alternative adsorbents. With this respect, the literature survey results and the methods discussed above lead us to the conclusion that the use of eggshell and eggshell membranes as adsorbent materials can give fruitful results. However, despite a great number of papers have been published on low cost sorbents, there is a little information containing a fully characterized comparative study between biosorbents. Although much as already been achieved in the area of low cost adsorbents, much still need to be done. Herein, we consider that our work will provide relevant information about important issues as the prediction of the performance of adsorbent process in real industrial effluents under a range of operating conditions and to demonstrate the use of inexpensive adsorbents at an industrial scale.
